The Stratton-Chu vector diffraction integrals are expressed in dimensionless forms and then numerically evaluated to describe light propagation originating from a plane and a curved surface without invoking paraxial approximations. Given the distribution of the field components of electromagnetic radiation on any surface, the value of the fields at any other point can be obtained in integral forms using the Stratton-Chu theory [1, 2]: The scalar diffraction integrals of Kirchhoff and Rayleigh-Sommerfeld (type I and type II) are included in the first two terms of the Stratton-Chu integrals above. Here, we first express all the electric and magnetic field components in Eqs. (1) and (2) in terms of dimensionless integrals. The integrals are then numerically evaluated using the Kirchhoff approximation for a plane wave incident on a circular aperture. Comparison of the contributions arising from the three terms in Eq. (1) for different distances from the aperture and for different ratios of the aperture radius (a) to the wavelength of light (λ) determines the region of validity of the Rayleigh-Sommerfeld and the Kirchhoff diffraction integrals. It is found that although neither of the Rayleigh-Sommerfeld integrals are accurate close to the aperture, the on-axis intensity predicted by the Kirchhoff integral is within 1% of that calculated using the Hertz vector diffraction theory [4] (which does not invoke the Kirchhoff approximation), even for a/λ = 0.5. For larger values of a/λ, the deviation between the two are much smaller than 1%.
where the symbols have their customary meanings [3] and the Green's function G is defined as The scalar diffraction integrals of Kirchhoff and Rayleigh-Sommerfeld (type I and type II) are included in the first two terms of the Stratton-Chu integrals above. Here, we first express all the electric and magnetic field components in Eqs. (1) and (2) in terms of dimensionless integrals. The integrals are then numerically evaluated using the Kirchhoff approximation for a plane wave incident on a circular aperture. Comparison of the contributions arising from the three terms in Eq. (1) for different distances from the aperture and for different ratios of the aperture radius (a) to the wavelength of light (λ) determines the region of validity of the Rayleigh-Sommerfeld and the Kirchhoff diffraction integrals. It is found that although neither of the Rayleigh-Sommerfeld integrals are accurate close to the aperture, the on-axis intensity predicted by the Kirchhoff integral is within 1% of that calculated using the Hertz vector diffraction theory [4] (which does not invoke the Kirchhoff approximation), even for a/λ = 0.5. For larger values of a/λ, the deviation between the two are much smaller than 1%.
Next, for a plane wave incident on a cylindrical surface separating two regions of different refractive indices, the double integrals in Eq. (1) were evaluated over the curved surface. Focusing of light close to the geometric focus is observed. It is found that all three integrals in Eq. (1) contribute substantially to the focused intensity. This work extends earlier analysis [5] by including aberration in the focusing system from the start and by not making the assumption of a converging 'spherical' wave. Detailed three dimensional beam distributions in the focal region will be presented.
